The appropriate use of antibiotics prophylaxis reduces the incidence of surgical site infections. Despite advances in antiseptic measures, antibiotics, and preoperative precautions, infections are common complications from surgeries. This study was conducted to assess the appropriateness of the prescription of antibiotics prophylaxis prior to cardiac surgery among hospitalized patients in the geographic area of Lebanon. This was a retrospective, observational, single center study conducted at a public Lebanese teaching hospital from February till April 2014. Data were collected from computerized data bases for hospitalized patients who did cardiac surgeries from January 2010 till December 2013. Patients above eighteen years old undergoing CABG (coronary artery by-pass graft), valve surgery, or both were eligible for study enrollment. Excluded were patients younger than eighteen years of age, prior intake of antibiotics, or had another concomitant surgery with the cardiac. Consistency with the guidelines was evaluated for appropriate route of administration, choice, preoperative timing, duration, dosing, and redosing of antibiotics. The IRB (Institutional Review Board) approved the study design. Data were analyzed by the SPSS version 20.0 and presented as frequency/percentage and mean ± SD (standard deviation). A total of 3,000 patients were initially screened where only 245 patients met the inclusion criteria. Baseline age of the participants was 58.91 ± 13.65 years (mean ± standard deviation SD), and a body mass index of 28.19 ± 5.19 Kg/m 2 . The enrolled participants were on different intravenous antibiotic regimens, where 188 (76.7%) patients were on vancomycin and ceftriaxone, 15 (6.1%) on vancomycin and cefuroxime, 13 (5.3%) on ceftriaxone, 12 (4.9%) on vancomycin, 6 (2.4%) on cefuroxime, 2 (0.8%) on clindamycin), and the others were on combination of gentamicin and a cephalosporin. Only twelve (4.9%) from the enrolled patients were consistent with the treatment guidelines regarding the choice of the antibiotic. For those patients who were given the appropriate antibiotics, proper dose was found in only seven patients (58.7%). Five patients out of 254 (2%) required redosing where four were given the appropriate doses. As for preoperative timing it was appropriate for all of those cases (i.e. within 120 minutes of incision for vancomycin and within 60 minutes for cefuroxime and clindamycin). Prophylaxis was extended beyond one day in 173 patients (70.61%) and the average duration was 2.8531 days ± 2.07514. This study demonstrates that in cardiac surgery, the optimal choice of antibiotics is seldom administered, duration of prophylaxis is excessively long, and the preoperative dose timing is rarely employed. More education and communication are required to improve these practices to reduce risks of surgical site infection, prevent resistance, and limit costs potentially associated with antibiotic misuse. The role of clinical pharmacist may facilitate this process across all surgical disciplines through interventions that should be implemented to optimize the perioperative antibiotic prophylaxis in procedures.
Introduction
  
Surgical Site Infections
Infections that occur within 30 days of the surgery are termed SSIs (surgical site infections). Postoperative SSIs according to Nichols (2001) remain a major source of illness in surgical patients. These infections number approximately 500,000 per year, among an estimated 27 million surgical procedures, and account for approximately one quarter of the estimated 2 million nosocomial infections each year [1] .
The criteria used to define surgical site infections have been standardized and described three different anatomic levels of infection: superficial incisional surgical site infection, deep incisional surgical site infection and organ/space surgical site infection ( Fig. 1 ) [2] . 
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Complications after Cardiac Surgery
Infections, cardiac complications (e.g. arrhythmias and cardiac temponade), neurologic complications (e.g. phrenic nerve injury and paralysis), and pulmonary or renal dysfunction may take place following cardiac surgery.
SSIs after Cardiac Surgeries
Risk Factors
SSIs are a serious complication after cardiac surgery with occurrence rate up to 5%. Risk factors for SSIs after cardiac procedures have been identified from several single-center cohort and case-control studies. These include diabetes, hyperglycemia, PVD (peripheral vascular disease), COPD (chronic obstructive pulmonary disease), obesity (body mass index more than 30 kg/m 2 ), heart failure, advanced age, involvement of internal mammary artery, reoperation, increased number of grafts, long duration of surgery, and Staphylococcus aureus nasal colonization [4] [5] [6] .
Infections
Infections following cardiac surgeries can range from superficial involvement of the wound to deeper soft tissue infection, sternal osteomyelitis, and mediastinitis, which may require surgical drainage and debridement, as well as antimicrobial therapy [4] [5] [6] .
NNIS (National Nosocomial Infections Surveillance) category of Cardiac Surgeries
In cardiac surgeries the wounds are classified as clean. As for the other NNIS parameters in cardiac surgeries, the T point is 5 and the American Society of Anesthesiologists score is 3 for most of those procedures. Thus based on some references, NNIS incidence of SSI in cardiac surgery depends mostly on the duration of surgery if it is more than 5 hrs. Published NNIS data suggest that the risk of infection by 30 days would be 3.5% for operations lasting less than 5 hrs and increased to 5.5% for operations lasting more than 5 hrs [7] .
Surgical Infection Prophylaxis in Cardiac Surgeries
Common Pathogens
In cardiac surgeries, gram-positives are the most common pathogens found including Staphylococcus aureus, coagulase-negative Staphylococcus, and rarely Propionibacterium acnes [8] .
Gram-negative organisms are less commonly isolated in these patients. hours postoperatively.
SIP in Lebanon
There are few studies reporting patterns of SIP in Lebanese hospitals. A previous prospective study in Lebanon for three months described the adequacy of antimicrobial prophylaxis in 10 acute care hospitals. Conclusion of the study showed that antimicrobial prophylaxis in Lebanese hospitals was fairly adequate in terms of respecting indications for selected surgical procedures, and that improvement could be made by reducing the duration of prophylaxis and avoiding the use of broad-spectrum antibiotics [11] .
Purpose of the Study
The appropriate use of prophylactic antibiotics reduces the incidence of surgical site infections. Despite the advances in antiseptic measures, antibiotics, and preoperative precautions, infections are common complications from surgeries. This study was conducted to assess the appropriate prescription of antibiotics prior to cardiac surgery with respect to the choice, dose, duration, and preoperative timing among hospitalized patients in the geographic area of Lebanon.
Methods
Study Design
This was a retrospective, observational, single center study conducted at a public Lebanese teaching hospital from February till April 2014. Data were collected from computerized medical records for hospitalized patients who did cardiac surgeries from January 2010 till December 2013.
The study protocol and amendments were approved by the institutional review boards of LIU (Lebanese International University) and BGUH (Beirut Governmental University Hospital) where the study was conducted. The analysis of the data was performed basically by the pharmacist.
Study Population
The study took place at the Surgery Unit of BGUH where a total of 3,000 patients who went various types of surgeries were screened and a total of 283 cardiac surgeries included. From the initially enrolled participants, 38 patients were excluded for the following reasons: One patient was younger than eighteen years of age, two had other concomitant surgeries with the cardiac, and the rest were taking antibiotics prior to the surgery. Consequently, data were collected and completed for 245 patients.
Patients above eighteen years old undergoing CABG, valve surgery, or both were eligible for study enrollment.
Patients younger than eighteen years of age, previous intake of antibiotics prior to the surgery, or had another concomitant surgery with the cardiac were excluded.
Study Procedure
The data collection started in the hospital after the medical team was informed about the study. The information was taken basically from computerized data bases and the pharmacy department as well. Data collection sheet was created by the clinical pharmacist and the information included was based on the variables that are important to determine the protocols used for surgical prophylaxis. Input included the demographic characteristics of the patients, type and duration of the cardiac surgery, and the surgical infection prophylaxis regimen. Antibiotic regimens were assessed for the following variables: appropriate route of administration, choice, preoperative timing, duration, dosing, and redosing whenever applicable (AppendixⅠ).
Study Outcomes
Primary: Evaluate the appropriateness of prophylaxis in comparison with guidelines.
Statistical Analysis
Data were analyzed using the SPSS (statistical package of the social sciences), version 20.0. Discrete variables such as the gender, type of antibiotics, or type of surgery were presented as percentages, however continuous variable such as age or duration of prophylaxis were displayed as mean ± SD (standard deviation).
Results
Patients' Characteristics
Data collection was conducted from February to April 2014. A total of 3,000 surgeries between January 2010 and December 2013 were screened, out of which 283 cardiac surgeries were initially included. Only 245 patients were enrolled in the study after meeting the inclusion criteria. From the enrolled subjects, 38 patients were excluded for the following reasons: One of the participants was younger than 18 years old and underwent septal defect closure surgery, two had a urosurgery concomitantly performed with the cardiac, and the rest were on previous antibiotics intake (Fig. 2) . The results show that males were present in a higher frequency than females in the research sample population (n = 245). From the total number of patients enrolled, 152 (62%) of the participants were males and 93 (38%) were females. This outcome is consistent with the fact that male gender carries a higher risk for cardiac diseases.
3. Fig. 3 .
Duration of Surgery
The duration of the cardiac surgeries ranged from a minimum of 2 hours and a maximum of 10 hours. Majority of the surgeries had a duration ranging between 3 and 9 hours 177 (72.2%), others ranged between 6 and 9 hours 55 (22.4%), more than 9 hours (Fig. 4) .
Surgical Infection Prophylaxis Protocols
Route of Administration
As recommended by the guidelines, all patients were given the antibiotic prophylactic regimens through the appropriate intravenous route.
3.3.2 Choice of Antibiotic Enrolled participants were on different antibiotic regimens as shown in Table 3 , where 188 (76.7%) patients were on vancomycin and ceftriaxone, 15 (6.1%) on vancomycin and cefuroxime, 13 (5.3%) on ceftriaxone, 12 (4.9%) on vancomycin, 6 (2.4%) on cefuroxime, 2 (0.8%) on clindamycin, and the others were on combination of gentamicin or teicoplanin and a cephalosporin.
Only twelve (4.9%) from the enrolled patients were consistent with the treatment guidelines regarding the choice of the antibiotic. Six of those patients were on cefuroxime, and the others had PNC allergy so vancomycin or clindamycin was prescribed.
3.3.3 Dosing and Redosing of Antibiotics Dosing appropriateness was studied for the patients who were given the recommended antibiotic regimen (12 participants). Proper dose was given in only seven patients (58.7%). Five patients (2%) out of 245 required redosing and four were correctly redosed.
Preoperative Timing
Prophylactic regimens consistent with the guidelines were given vancomycin within 120 minutes prior to surgery and 60 minutes for the others. However, when vancomycin was combined with other antibiotics, both drugs were administered within 120 minutes of incision which was not appropriate, and took place in 202 cases (82.4 %).
3.3.5 Duration of Prophylaxis Prophylaxis was extended beyond one day in 173 patients (70.61%) and the average duration was 2.85 days ± 2.08 (Table 4 ).
Discussion
Overview
Antimicrobial prophylaxis is selected based on the most likely infecting organism where gram-positive bacteria as Staphylococcus aureus and Staphylococcus epidermidis are the main isolated pathogens [12] . Although cardiac surgery is generally considered a "clean" surgery with an intrinsically low infection rate (less than 5%), postoperative infections complicating cardiac surgery are associated with potentially serious adverse outcomes [13, 14] . Despite the large number of prospective, randomized, controlled clinical studies using various antimicrobials alone or in combination (including penicillins; first-, secondand third-generation cephalosporins; aminoglycosides; and vancomycin), no single regimen has emerged as clearly superior in preventing postoperative infections [14] . First-or second-generation cephalosporins (cefazolin, cefuroxime) are among the most effective antimicrobials in reducing postoperative infections in cardiac surgery and are the agents of choice according to the 2013 ASHP (American Society of Health-System Pharmacists). Data supporting the benefit of extending the antibacterial spectrum with combination antimicrobial prophylaxis are limited [15] . A 2002 cardiac surgery study conducted in Canada demonstrated that cefazolin was the antimicrobial used in 88% (38 of 43) of the cases, antimicrobial prophylaxis was initiated in the operating room 72% (26 of 36) of the time, and intraoperative supplemental antimicrobial doses were administered for cardiac procedures that took longer than a median of 4 h (range from 4 to 8 h) [16] . Overall, the median duration of antimicrobial prophylaxis treatment was 36 h (range from 8 to 96 h). However, the results of a 2010 study in Australia that compared consistency with the guidelines between the years 2004 and 2008, reported protocol use increased from 58% to 80% (P = 0.02), while concordance with version 13 of the Australian Therapeutic guidelines: antibiotic for both choice of agent and timing (duration of administration) remained around 10%. Use of multiple agents was common, as was continued antibiotic administration after completion of surgery. Over 4 years, the proportion of cardiac surgical units reporting vancomycin administration for routine valve surgery prophylaxis doubled to 62% (P < 0.001) [17] .
This study was consistent with studies done abroad and demonstrated that there is excessive use of broad spectrum antibiotics and multiple agents, in addition to prolongation of the prophylaxis duration.
The study population consisted of males (62%) with an average age of 59.51 ± 12.15 undergoing CABG (71%).
The appropriate choice of antibiotic was given in only (4.9%) of the cases and multiple agents were used in (86.4%) of the surgeries. Vancomycin was commonly administered, and the duration of prophylaxis was extended beyond 1 day with an average duration of 2.85 days ± 2.08.
Limitations
A major limitation in our study was lack of surveillance data to asses if there was a real need for the use of such wide spectrum antibiotics. Also, the study was retrospective that relied on accuracy of written records where important data may have not been available. It is difficult to control bias and confounders, establish cause-effect relationships, and results are basically hypothesis-generating. Lastly, our outcomes lack external validity given the fact that it was a single center study.
Strengths
Our study is the first of its type in Lebanon where the main focus was on surgical prophylaxis in cardiac surgeries. A previous study was performed and studied prophylaxis in all types of surgery and showed that antimicrobial prophylaxis in Lebanese hospitals was fairly adequate in terms of respecting indications for selected surgical procedures, and that improvement could be made by reducing the duration of prophylaxis and avoiding the use of broad-spectrum antibiotics [11] .
Implications for Clinical Practice
More education and communication are required to improve antimicrobial prophylaxis in Lebanon to reduce risks of surgical site infections, prevent resistance, and limit costs potentially associated with antibiotic misuse. The role of clinical pharmacist may facilitate this process across all surgical disciplines through interventions that should be implemented to optimize the perioperative antibiotic prophylaxis in procedures.
Conclusions
In summary, this survey of cardiac surgical antibiotic use demonstrated a marked deviation from existing national guidelines.
In cardiac surgery, the choice of agent is often inappropriately broad where an increasing number of antibiotic agents, including vancomycin, were being administered as routine prophylaxis, and these tended to be continued beyond 24 hours in 70% of the cases. Thus, this study showed that in cardiac surgeries, the optimal choice of antibiotics is seldom administered, duration of prophylaxis is excessively long, and the preoperative dose timing is rarely employed.
In conclusion, the results provide evidence that health care providers should be aware of their larger role in reducing unnecessary and inappropriate prescription of antibiotics prophylaxis in patients prior to surgery. There is a clear and urgent need for additional efforts and educative interventions to improve antibiotic prophylaxis to contribute to the prevention and control of SSIs. It is important to improve conformity with optimal surgical antibiotic prophylaxis policies so as to reduce risk of SSI and to prevent resistance and costs potentially associated with antibiotic misuse. A focus on the cause of errors in the system rather than mistakes of individuals is needed. A follow-up survey should be planned in one year to determine whether this information improved practice patterns.
